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@ Nuclear magnetic resonance apparatus. 

(g) Inside the gradient coils in the magnet system of a nu- 
clear magnetic resonance apparatus there is arranged a sleeve 
which forms a noise-absorbing shield between the gradient 
coils and the measurement space in the magnet. The shield is 
preferably formed by an evacuatable space between the 
sleeve and a support for the gradient coils. This space is then 
provided with elastic vacuum seals at its axial ends. 
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"Nuclear ma^etic resonance apparatus" • 



The invention relates to a nuclear ma^etic resonance 
apparatus, comprising a cylindrical electromagnetic main coil sy- 
stem for generating a homogeneous magnetic field in a measxirement 
space and a gradient coil system for generating gradient fields in 
the measurement space, and also relates to a magnet system for 
such an apparatus. 

A nuclear mstgnetic resonance apparatus of this kind is 
known from Computertomographie 1 (1981 ), pages 2-10. In such an 
apparatus the noise produced hy the gradient coil system when this 
system is activated for generating gradient fields in the measure- 
ment space is very annoying. The noise is caused hy comparatively 
strong Lorentz forces whereto current-caxrying windings of the 
gradient coils are subjected due to the strong homogeneous local 
magnetic field of the main coil system at this area. The frequen- 
cies of the current vaxiations for the gradient coils in a customary 
measurement process are situated exactly in the range which is an- 
noying to humans. This noise is even more annoying because a 
patient is more or less enclosed in the apparatus during the 
examination. 

It is the object of the invention to avoid or at least 
substantially mitigate this annoyance from noise; to this end, a 
nuclear magnetic resonance apparatus of the kind set forth is 
characterized in that a concentrically arranged sleeve forms a 
noise-absorbing shield between the measurement space and the gra- 
dient coil system. 

As a result of the inclusion of the sleeve, the noise 
level in a nuclear magnetic resonsmce apparatus in accordance with 
the invention can be substantially reduced at least within the 
measurement space. 

The outer diameter of the sleeve in a preferred embodi- 
ment is a few* centimeters smaller than the inner diameter of the 
gradient coil system or, practically speaking, a few centimeters 
' smaliejc than the inner diameter of a cylihdrica.1 support for the 
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ffxadient coils. When the space between the sleeve and the gradient 
coil support is sealed hy means of seals provided at the axial ends 
of the sleeve, the intermediate space can "be evacuated. An extremely 
effective noise harrier can thus "be obtained between the gradient 

5 coil support and the measurement space. The seals are made, for 

example of a noise-absorbinff material, of elastic inflatable rings, 
of metal bellows or the like. The sleeve may alternatively form one 
integral unit with the support for the gradient coils j in other 
words, the gradient coil support may have a double-walled construct- 

10 ion, in which case the intermediate space is again evacuated. 

In a further preferred embodiment, the sleeve is com- 
pletely made of a noise-absorbing material and is arranged against 
the inner side of the gradient coil support. 

Vhen the sleeve is made of a material having a compara- 

15 tively low thermal conductivity and provided with a layer which 
reflects thermal radiation, the sleeve can also serve as a heat 
shield between the coil system and the measujrement space. 

Some preferred embodiments in accordance with the in- 
vention will be described in detail hereinafter with reference to 

20 the drawing. The sole Figure shows a magnet for a nuclear magnetic 
resonance apparatus in accordance with the invention, comprising a 
magnet coil system 1 with current windings 2 for generating a com- 
paratively strong homogeneous magnetic field H in a measurement 
space 3, and a cylinder 4 which acts as a support for a gradient 

25 coil system 5 which comprises gradient coils 6 for generating a 
radial gradient field and gradient coils 8 for generating axially 
directed gradient fields. During operation of the apparatus, the 
axially directed magnetic field H of the magnetic coil system 1 , 
which may also be a solenoid or a combination of a solenoid and 

30 annular windings, also prevails at the area of the gradient coils. 
The lines of force of the magnetic field H coincide with surface 
lines of the cylindrical support 4 at the area of the gradient coils. 
A radiaily directed Lorentz force is exerted on each wire turn of 
the gradient coils which encloses an angle with respect to these 

35 surface lines when these wires carry a current, notably on the 

parts of the turns which extend along radial cross-sectional circles 
of the cylinder. A current of 100 A is not uncommon for the gradient 
coils; for a local magnetic field of, for example 0.5 tesla and 10 
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turns per winding, the Lorentz force already amoxmts to 500 N per 
meter of len^h of the winding. Because the gradient currents are 
continuously switched with on and off times of approximately 1 ms , 
radial Lorentz forces which alternate at this frea^iency occur on 
the gradient coil support. Moreover, the gradient coil support also 
acts as a sound-hoard for the vihrations produced by these forces. 

For suitable operation of the apparatus the position of 
the gradient coils must be properly defined. One solution where the 
gradient coils are more or less elastically suspended has an ad- 
verse effect on the imaging quality of the apparatus. In accordance 
with the invention, a sleeve 10 is arranged in the gradient coil 
support 4. The outer diameter of the sleeve is, for example ap- 
proximately 5 to 10 centimeters smaller than the inner diameter of 
the support 4, so that a space 12 is formed between the support and 
the cylinder, said space having a radial dimension of approximately 
from 2 to 5 cm. In the embodiment shown, this space is sealed near 
the axial ends of the sleeve by means of rings 14* These rings may 
be made of noise absorbing material, but may also be formed by 
elastic, inflatable hollow rings, for example bicycle tyres. In 
order to prevent the rings from penetrating into the space 12 when 
the latter is evacuated, ridges 16 may be provided. Such ridges may 
also be provided on the inner side of the gradient coil support and, 
in order to prevent the transmission of sound, they may have an 
alternating comb-shaped profile instead of being continuous. The 
rings may alternatively be connected to the sleeve or all around 
the gradient coil support or be secured to both. In the latter case 
the connections preferably consist of metal bellows. When the gra- 
dient coil support 4 is constructed to fomn one integral unit with 
the sleeve 10, the connection between the two parts should also be 
noise-absorbing for suitable noise isolation, for example again by 
means of suitably vacuumtight bellows or elastic rings. 

In another embodiment, the entire sleeve is made of a 
noise-absorbing material; the rings 14 a^^e then absent and the 
sleeve extends as far as against the gradient coil support. A sleeve 
of this kind has the additional advantage that, when suitably con- 
structed, it can act as a heat shield between the coil system and 
the measurement space. In the case of resistance magnets, the mea- 
surement space can thus be maintained at a lower temperature while 
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in the case of superconducting magnets excessive cooling of the 
measurement space can he prevented. Th effectiveness of the heat 
shield can he increased hy providing the sleeve with a layer vhich 
reflects thermal radiation and which is provided on the inner cir- 
cumference or on the outer circumference, depending on the tem- 
perature gradient, A sleeve as shown in the Figure can also he made 
of material having a comparatively low thermal conductivity. Such 
a sleeve can also he used as a support for further parts of the 
apparatus, such as measuring/transmission coils for H.P. electro- 
magnetic fields, which are to he arranged in or near the measure- 
ment space. 
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1. A nuclear ma^etic resonance apparatus, comprising a 
cylindrical electroma^etic main coil system (1) for generating a 
homogeneous ma^etic field (H) in a measurement space (5) and a 
gradient coil system (5) for generating gradient fields in the 

5 measurement space, characterized in that a concentrically arranged 
sleeve (10) forms a noise-ahsorhing shield "between the measurement 
space (3) and the gradient coil system (5). 

2. A nuclear magnetic resonance apparatus as claimed in 
Claim 1, characterized in that in conjunction with seals (I4) which 

10 are provided at its axial ends, the sleeve forms a space (12) which 
can he evacuated and which extends "between the measurement space 
and the gradient coil system. 

3. A nuclear magnetic resonance apparatus as claimed in 
Claim 2, characterized in that the axial seals are formed "by in- 

15 flatahle hollow elastic rings. 

4. A nuclear magnetic resonance apparatus as claimed in 
Claim 1 , characterized in that the sleeve forms an integral unit 
with a support (4) for the gradient coil system (5)> thus foirming 
an intermediate space (12) which can be evacuated. 

20 5 • A. nuclear magnetic resonance apparatus as claimed in 

Claim 1, 2, 3 or 4> characterized in that the sleeve is made of 
plastics having a comparatively low thermal conductivity. 

6. A nuclear magnetic resonance apparatus as claimed in 
Claim 1 , characterized in that the sleeve is made of a noise- 

25 absorbing material and extends as far as against the support (4) 
for the gradient coil system (5)» 

7. A nuclear magnetic resonance apparatus as claimed in 
any one of the preceding Claims, characterized in that a cylinder 
surface of the sleeve is provided with a thermal radiation shield. 

3Q 8. A nuclear magnetic resonance apparatus as claimed in 

any one of th preceding Claims, characterized in that the sleeve 
is constructed as a support for parts of the apparatus which are 
to b arranged in or near the measurement space. 
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9. A magnet system, evidently intended for use in a nuclear 

magnetic resonance apparatus as claimed in any one of the preceding 
Claims, 
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